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ABSTRACT

Disposal of belt filter pressed digested sludge (known as biosolids) to landfills cost El
Paso Water about $1.1 million in the past year. With an increasing population, the amount of
influent wastewater to El Paso treatment plants will also increase, resulting in increased biosolids
generation and biosolids disposal costs. A method for reducing biosolids transportation cost is
biosolids drying.
The cost that El Paso Water pays for transporting biosolids to a dedicated landfill facility
is based on the weight of the biosolids that are carried. Biosolids collected from the belt filter
presses is about fifteen percent solids by weight, with water accounting for the rest of the weight.
Essentially, El Paso Water is paying to transport water out of its wastewater treatment plants.
Arid climates have great potential for biosolids drying because of the high temperatures and low
humidity throughout the year, especially during summer months. Drying tests conducted in this
investigation incorporated different mechanisms for breaking biosolids into smaller particles,
including the use of a shredder, a greenhouse and fans for drying the biosolids particles. The
drying tests showed that small biosolids particles exposed to warm air inside a greenhouse lose
about 50-60% of the original weight. This weight reduction can lead to proportionate
transportation cost reductions.
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CHAPTER 1. INTRODUCTION

1.1 BACKGROUND
Population in the United States is continuously growing. To be specific, the arid Southwest,
which continues to be a fast-growing region of the U.S., has approximately 14.6 million people,
as of 2016 (Mackun, 2019). What does this mean for wastewater? It means biosolids are escalating.
With the growth of population and biosolids, demand for waste disposal necessities has also
increased.
El Paso Water (EPW), the public water utility in El Paso, Texas that supplies water and
wastewater services to its locals, puts the biosolids on a belt filter press, which is a piece of
equipment that allows the biosolids to mechanically mix with polymer before squeezing to remove
water from the biosolids. As the biosolids enter the roller press, they are evenly distributed across
the belt and pressed between belts, causing water to escape. After this process is finished, the belt
filter pressed biosolids are then transported from the treatment plant facility to a dedicated landfill
for final disposal. The annual cost for transporting BFP biosolids to a landfill is about $1.1 million
per year for the Roberto R. Bustamante Wastewater Treatment Plant (RRBWWTP) (EPW). With
biosolids at 83-87% water, this means that EPW is essentially paying approximately $1.1 million
per year to transport water to a landfill. This project was undertaken to investigate the feasibility
of biosolids drying in the arid climate of the Southwest in order to reduce the cost associated with
final biosolids disposal.
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1.2 GOALS AND OBJECTIVES
Transportation costs are based on the biosolids weight because that is what determines the
number of trucks needed to transport the biosolids to landfills. Following the BFP dewatering, the
biosolids are placed into a silo, a storage for bulk materials, where the biosolids are stored before
they are loaded into a truck and hauled off. If a process where the biosolids can be broken down
into smaller pieces and then dried for a certain amount of time on a conveyor belt can be
economically achieved, then the overall weight of the biosolids will be reduced. With the biosolids
being smaller and weighing less, biosolids can be transported at a much lower cost. Preliminary
drying tests on BFP biosolids has shown that drying biosolids is an effective method for reducing
biosolids weight. Removing water weight from the biosolids through drying can result in cheaper
transportation costs due to less trucks being needed, which would ultimately save EPW money.
1.3 BIOSOLIDS DISPOSAL COSTS
Biosolids drying has great potential for reducing transportation costs. EPW is currently
paying around $1.1 million to haul biosolids from the RRBWWTP to landfills. The amount paid
is dependent on the weight of the biosolids. Under their current contract, EPW pays $24.87 per
wet ton of biosolids. This past year at the RRBWWTP, 45,945 wet tons of biosolids were produced.
The average percent solids in the biosolids over the past year was 12.6%. Therefore, any reduction
of the biosolids weight will induce a reduction in its transportation costs. The aim is to be able to
reduce costs to at least one fourth of the current value. The relationship between biosolids weight
hauled off and cost is linear, so the percent of weight reduction is the same as the percent of cost
reduction.
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CHAPTER 2. LITERATURE REVIEW
The need to dispose wastewater biosolids has become an increasingly important subject as
population growth has increased the amount of biosolids produced. As of today, the common
method for biosolids management is to dispose of them in landfills. Before disposal, biosolids are
dewatered to reduce volume. Belt filter presses are used in wastewater treatment plants to extract
water out of biosolids before being hauled off to landfills. A study conducted in San Antonio,
Texas looked at the effects of two alternative dewatering solutions to two different belt filter
presses in two wastewater treatment plants (Moss, et al., 2006). At the Salatrillo WWTP, the
existing two-belt filter press was converted into a three-belt filter press. At the Martinez II WWTP,
a new three-belt filter press was installed. These solutions were put in place to alleviate a bottleneck
effect that was being caused by the previous belt filter presses. Comparing the data from the new
system at Martinez II WWTP to the historical data shows that the installation of the three- belt filter
press has resulted in slightly higher cake solids and has reduced polymer use from 19.59 lb/ton to
14.90 lb/ton. The three-belt filter press at Martinez II has also increased hydraulic throughput by
30% and solids throughput by 60%. At the Salatrillo WWTP, the conversion of the two-belt filter
press to a three-belt filter press has caused the solids throughput to suffer while the hydraulic
throughput remains the same. The data from the three-belt filter press conversion at Salatrillo
showed that cake solids increased from 13% to 14.26%, and polymer usage reduced from
26.50 lb/ton to 19.91 lb/ton. The cost comparison for the two different dewatering solutions shows
that the new three-belt filter press at Martinez II WWTP will produce lower operating costs, but
the conversion of a two-belt filter press to a three-belt filter press had a lower capital cost.
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After the biosolids are dewatered, they must be disposed of. A study conducted in Vermont,
investigated the cost of different alternatives for biosolids disposal (Kelley, Twohig, 2018). From
the study, it was estimated that 12,400 tons of dry biosolids was produced and disposed of in
Vermont in the year 2017. The disposal cost for the biosolids was estimated to be $18 million, or
$100 per wet ton. The study conducted a cost comparison with similar data collected in New
Hampshire and Pennsylvania. The costs in New Hampshire were estimated as $75 per wet ton for
landfill disposal, $40 per wet ton for land application, and $71 for incineration. In Pennsylvania,
the costs associated with disposal were estimated as $75 per wet ton for landfill disposal, $62 for
land applications, and $71 for incineration.
As biosolids production has increased, new methods for biosolids disposal have been
investigated. The use of solar energy for biosolids drying and reduction of biosolids volume is
gaining momentum as a viable option for reducing biosolids transportation costs to landfills. A
study conducted in San Francisco investigated the effects of biosolids drying in a closed system
(Jolis, Sierra, 2014). Test chambers were created to hold a solar panel to heat the interior of the
wooden chamber. The chamber dimensions were 122 cm by 46 cm by 61 cm. For the evaporation
tests conducted on the biosolids, aluminum tins were used to hold the biosolids. The dimensions
of the tins were 33 cm by 23 cm by 5 cm. Biosolids were collected from the belt presses at one of
San Francisco’s WWTPs. Biosolids from this WWTP has total solids ranging from 2.3% to 2.7%,
and volatile solids ranging from 60% to 65% after anaerobic digestion. Two of the tins were placed
inside the wooden solar dryer, and a third was left outside in the sun. The biosolids in one of the
tins inside the solar dryer was mixed twice a day, while the other two samples were left unmixed.
Evaporation tests were conducted by comparing the weight of the samples after certain amounts
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of time. Results for these tests showed that the use of the solar dryer with mixing consistently
provided higher evaporation rates over a wide range of weather conditions.
A study conducted in Greece investigated the drying potential of two pilot scale solar
drying plants, approximately 2.5 meters cubed, and made from polycarbonate. Batches of biosolids
from the Kimotini wastewater plant were used in the study. From this study, results showed that
biosolids weight was reduced up to 86%, and moisture content was decreased from 85% to 6%.
Another mechanism that has been used to reduce the biosolids volume is drying beds. In a
study conducted in Turkey, biosolids were collected from a municipal plant, and laid out in 2 by
5-meter drying beds (Salihoglu, et al., 2007). One of the beds was covered with a 10-millimeterthick transparent polycarbonate sheet, while the other one was left open. The covered drying bed
was constructed as a funnel type greenhouse, to better utilize the solar energy for drying the
biosolids. Two flat plate solar collectors were utilized to heat the covered drying bed, while the
biosolids on the open drying bed were heated by solar radiation exposure. The test was conducted
with the purpose of reducing the amount of lime added to achieve the 35% dry solid requirement
for landfill disposal. The open drying bed was affected by rainfall, and a definitive conclusion
could not be made from the results. From the results of the covered drying bed, it was concluded
that the amount of lime needed was 15% of the dry solids content of biosolids in comparison to
77% for biosolids that were not exposed to biosolids drying.
A study focused on the effectiveness of utilizing greenhouses for biosolids solar drying
compared the cost and effectiveness of greenhouse solar drying to thermal drying. Typical dry
solids achieved for thermal drying is 90% compared to 70% for greenhouse solar dryers (Kurt,
Aksoy, Sanin, 2015). This study focused on the feasibility of achieving 90% dry solids for
greenhouse solar drying by supporting it with auxiliary heat from solar panels. This study
5

conducted drying tests on 37 different WWTPs in Turkey. Cost functions and optimization models
were applied to the 37 WWTPs to evaluate the cost and area requirements for the greenhouse solar
dryers to perform as well as thermal dryers. The cost functions and optimization models show that
the overall drying cost is a function of the WWTP size, but the unit total cost depends highly on
the dry solids content of the biosolids after dewatering. Therefore, for small to medium size plants,
greenhouse solar drying supplemented with solar panels will be less costly than conventional
thermal drying due to the difference in price for solar and thermal energy. This is true even though
capital costs for greenhouse and solar panel drying are higher than for thermal drying. For large
WWTPs, greenhouse solar drying is still in question due to the large area required for the
greenhouse and solar panels to achieve 90% dry solids.
Another study conducted in Germany also investigated the feasibility of biosolids volume
reduction through solar drying and the use of a greenhouse (Bux, et al., 2006). For this study, a
greenhouse was mounted on paved flooring with drainage strips and a Thermo-System solar
sewage biosolids dryer. A three-layer air bubble foil cover completely covered the entire solar
plant. The completely closed cover is equipped with air flappers and exhaust air fans that prevent
unwanted mixture of air and provides temporary amounts of fresh air. The biosolids were spread
out in layers of 20 to 50 cm, and where mixed and aerated by a small robot called an “electric
mole”. The electric mole is 1 m wide and 1.4 m long and is equipped with rotating axes to mix the
biosolids. Each electric mole covers up to a 700 m2 area and mixes the biosolids up to twelve times
a day. During the drying tests, the drying chamber was divided into two separate 150 m2
compartments. Each of these compartments was equipped with an electric mole operating in the
same way. The two compartments were filled with aerobically digested biosolids at a load of 0.425
m3/m2. The difference between the two compartments was that compartment 1 was untreated,
6

while compartment 2 was treated with an organic flocculant at a concentration of 4 grams per
kilograms of dry solids. The drying tests were conducted at a height of 900 meters above sea level,
with the daily temperature varying from 9 to 23 degrees Celsius. The relative humidity of the
ambient air was between 40% and 100%. The drying results for the biosolids in the compartments
show that for the untreated biosolids, the dry solids concentration changed from 3% to 93% in 83
days. For the biosolids in the compartment being treated with the flocculant, the same dry solids
concentration was achieved in 64 days. For both cases, the biosolids volume was reduced from
425 to 12 kg/m2, or 97%. This corresponds to an annual reduction from 500 to 15 m3.
Another solution that has been proposed is to dry biosolids by collecting the flue gas from
a waste-to-energy power plant and using it directly without a heat exchanger (Bianchini, et al.,
2015). Samples were collected from three different Italian WWTPs. Each of these plants had a
different amount of wastewater entering the treatment plant. Calderara di Reno had 2,500 m3/day
of wastewater, Rimini had 30,000-35,000 m3/day of wastewater, and Forli had 40,000 m3/day
wastewater. The samples that were used were collected in the same manner from all three of the
WWTPs. Water content and volatile organic compounds analyses were conducted on the samples
by drying them at 103-105 degrees Celsius for thirty minutes and then heated up to 550 degrees
Celsius. The variations in the weight after these two drying periods represent the fixed solids and
dry matter in the sample. Results for the drying tests showed that the biosolids samples had water
contents between 71-79% after the mechanical drying process. A thermogravimetric analysis
showed the same behavior for the samples collected from the three different WWTPs. These results
show that the release of VOCs is independent of the size of the plant in which the sample was
collected. Based on the different analysis conducted, the study suggests that it is feasible to recover
waste heat from a waste-to-energy power plant and use it as the heating source for biosolids drying.
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Therefore, based on previous studies, it has been shown that the use of solar drying or
thermal drying for biosolids volume reduction can lead to cost reduction of biosolids disposal. The
contribution of the previous work has given this current study the idea of creating small biosolids
particles to reduce the amount of time spent on the biosolids drying. Various methods for breaking
up the biosolids into small particles have been used in this study, including the use of sieves,
shakers, and shredders. Another focus of this study is the drying effects of heaters and fans on the
collected biosolids. Although biosolids drying is not a new idea, the current study has used its
resources to build on previous studies and conduct another method for biosolids drying.
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CHAPTER 3. METHODOLOGY
3.1 SCREENING
The first method used for breaking up the biosolids into smaller particles involved screens
made of chicken wire, as shown in Figure 1. Biosolids were collected from the belt presses at the
Haskell Street Wastewater Treatment plant and transported to the lab at UTEP in five-

Figure 3.1 Screening Mechanisms

gallon buckets. The biosolids were forced through the screens, and the screened biosolids particles
were placed in the open air to dry. Different drying tests were conducted to investigate drying
efficiency. The first test conducted was done by laying the biosolids out in the sun and analyzing
the drying effectiveness as a function of time. Another test was conducted to observe the difference
in drying by exposing the biosolids to the sun versus the biosolids being dried in the shade.
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3.2 GILSON SHAKER TEST
The chicken wire screening tests were followed by another method used for creating
smaller biosolids particles: the use of a Gilson 24” x 32” x 48” sieve shaker as shown in Figure 2.
The Gilson shaker was used for breaking biosolids into particles of a variety of specific sizes
depending on the size of the sieves used. The shaker allowed for comparison of drying efficiency
between different particle sizes. Biosolids were transported from the Haskell Street Wastewater
Treatment plant to UTEP to conduct these tests. Biosolids were loaded on top of the first sieve
screen carefully to try to imitate the shape and size of the biosolids cake as it exits the belt press.

Figure 3.2 Gilson Shaker
The shaker was turned on and left running until biosolids reached the final capture pan. A variation
in the test procedure involved loading the biosolids as the shaker was running. After the biosolids
passed through the different screen sizes, they were collected from each individual screen and laid
out to dry. The samples were analyzed periodically for moisture content.
10

3.3 GILSON SHAKER IN COMBINATION WITH PALRAM GREENHOUSE AND
CONVEYOR BELT
The Gilson sieve shaker was used in combination with a Palram greenhouse and a conveyor
belt to run a pilot test on biosolids drying. The Gilson shaker and the conveyor belt were both
located inside the greenhouse.

Figure 3.3 Conveyor Belt
Biosolids were loaded into the Gilson shaker manually, trying to simulate the process of how
biosolids would fall from the conveyor belt onto the first screen. The Gilson shaker was used to
break down the biosolids into desired particle sizes before being fed into one end of the 16’ long
conveyor belt. The belt was kept running until all the biosolids had passed through the shaker, and
then the solids were left on the belt to dry. The greenhouse was used to create high temperatures,
and it helped control odor emissions. A device called HOBO was used to measure the temperature
11

and relative humidity inside the greenhouse during biosolids drying tests. Another test conducted
inside the greenhouse investigated the effect of air flow on biosolids drying. A small fan was placed
in the green house and used to dry a petri dish containing biosolids particles. These results were
compared to drying of biosolids particles passed through the same sieve size without air blown
over them. Biosolids drying was conducted as a function of temperature, time, particle size, and air
flow.
3.4 FAN BIOSOLIDS DRYING
In addition to the tests conducted at the plant site, BFP biosolids were transported to the
laboratory at UTEP to conduct drying tests as a function of air flow rate, air temperature, and
particle size. Biosolids were cut to exact dimensions using a tape measure, and a heater was
mounted on two stands to be able to change the height of the heater in relation to the biosolids as
shown in Figure 3.4.

12

Figure 3.4 Laboratory Fan Drying

The heater was equipped with three different fan speeds and variable temperature options. Tests
were conducted using different fan speeds settings, and by varying the fan height. In addition to
varying the fan speed, the fan was set to different heat settings. Air speed was measured with a
Pacer instruments model DA400 anemometer, and temperature was measured by placing a
thermometer below the fan and recording the stabilized value.

3.5 SHREDDER IN COMBINATION WITH CONVEYOR BELT
Two shredders were used in series to achieve smaller particle size distribution on the
conveyor belt. A structure was built to be able to position the first shredder on top of the second
shredder directly above the conveyor belt. Biosolids collected in five-gallon buckets from the
WWTP’s belt filter presses were distributed inside the first shredder and passed onto the second
13

shredder and finally the conveyor belt. Trial and error were used to determine the optimal
conditions for the speed of the shredders and conveyor belt. It was decided that for the best
distribution of biosolids on the belt, the top shredder should run at 15 hertz, the bottom shredder
at 8 hertz, and the conveyor belt at 50 hertz. The shredders were rented from Scott Equipment
Company, and the conveyor belt used for the pilot study was 50 feet long.
The first test conducted on the shredders aimed to realize the potential of biosolids build
up on the shredders. This test was conducted by feeding fifty 5-gallon buckets of biosolids
consecutively through the shredders. It was observed that the potential for biosolids build up was
nonexistent within the pilot study set up.
Tests were conducted to examine the drying potential for the biosolids distribution on the
conveyor belt. Biosolids distribution varied from test to test, so a method for particle distribution
was required. The most effective procedure for classification of the particle distribution was to
differentiate the distribution by depth. This method allowed for characterizing the drying rates for
the different particle distributions. The drying tests were conducted with the use of fans and
heaters. Temperature and humidity readings were taken using thermometers as well as with the
HOBO device. The wind speed above the biosolids were measured using the Pacer instruments
model DA400 anemometer. Samples were collected from the middle of the biosolids distributions
from the conveyor belt and taken to the lab for analysis.
3.6 BIOSOLIDS CALCULATIONS
The main point of interest in the drying tests was the weight reduction obtained based on
the drying achieved. To calculate the weight loss, the initial sample weight, and the dry weight of
the biosolids must be recorded. Once particles were treated by one of the methods described above,
they were immediately weighed and placed in a drying oven for twenty-four hours. They were
14

taken out, placed in a desiccator to cool, and weighed to record the weight of the solids that
comprised the biosolids initially. All weight readings included the tare weight, so when calculating
weight loss, the tare weight was subtracted. Based on the initial weight of the sample and the
weight of the dried solids, total weight loss percentage was calculated per Equation 1-1.
ℎ

%=

ℎ −

ℎ
ℎ

(Eq. 1-1)

Sample weight corresponds to the initial weight of the biosolids sample with the tare weight
subtracted. Final weight corresponds to the weight of the sample at the end of the drying test. The
equations for calculating the percent of water or solids in the biosolids are shown in Equations 12 and 1-3.
ℎ

%=

ℎ

% = 100 −

%

(Eq. 1-2)

(Eq. 1-3)

To calculate the percent of solids in a biosolids sample, the weight must be recorded after drying
the biosolids in an oven for 24 hours. For calculating the percent of water in the biosolids samples,
the calculation for the percent of solids is subtracted from 100%.
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CHAPTER 4. RESULTS
4.1 SCREENING RESULTS
The screening tests showed the difference in drying rates for different size biosolids
particles. Table 4.1 and Figure 4.1 show drying results for different particle sizes (in inches) as a
function of time in minutes. The results show that the smaller particles dry much faster than larger
particles.
Table 4.1 Screening Drying Test 1

As shown in Table 4.1 and Figure 4.1, the 0.125-inch size particles achieved greater than fifty
percent drying within the first thirty minutes of being laid out. In comparison, the 1.25-inch sized
particles did not reach the fifty percent drying condition until after the 210-minute mark.
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Figure 4.1 Drying Time for Solids%

4.2 GILSON SHAKER TEST RESULTS
The results from the Gilson shaker tests confirmed the results from the previous screening
tests. Table 4.2 shows the drying time of biosolids particles that were classified based on the size
of the last sieve in the shaker. For particles that passed through the 0.187-inch sieve, drying of
ninety percent was achieved in three hours. For particle sizes larger than the ¾-inch, drying
effectiveness dropped significantly to less than 29.2%.
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Table 4.2 Gilson Shaker Drying Test

In fact, the ¾ inch particles only reached thirty percent drying in the three-hour exposure time. The
difference in drying between the biosolids particles produced by the initial screening using the
chicken wire screen and the Gilson sieves is due to the different shape between the two sieving
methods. Particles produced by the Gilson shaker tended to form into spheres, which decreased
the rate of evaporation.
4.3 GREENHOUSE DRYING RESULTS
The use of the greenhouse allowed for testing of biosolids drying at higher temperatures.
The temperature and relative humidity were recorded using the HOBO humidity data logger, and
an example of the recordings can be seen in Table 4.3. It shows the number of readings taken on a
specific day of testing, the time at which the readings were taken, the temperature in degrees
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Table 4.3 HOBO Recordings

Fahrenheit, the relative humidity, and the dew point temperature at the time of the recording. The
results in Table 4.3 show the effects of air speed on biosolids particles of the same size while
drying inside the greenhouse, or outside the greenhouse in ambient air during the summer.
Biosolids particles were collected after passing through the Gilson shaker sieves and going through
the finger apparatus placed above the conveyor belt per Figure 4.2.
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Figure 4.2 Finger Apparatus
The fingers further broke down the biosolids into smaller particles. Some of the particles were
collected and placed in dishes for drying. Three groups of three samples were collected to test
different methods of drying as discussed below.
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Table 4.4 Greenhouse Drying Summer

The first group of samples (Samples 3, 2, 1) were left to dry inside the greenhouse, and were
exposed to a fan blowing air at 425 feet per minute. The second group of samples (Samples 4-2,
7/8, ¾) were placed outside of the greenhouse to dry, where air was blowing at 250 feet per minute.
The final group of samples (Samples 6-3, 6-2, 6-1) were dried inside the greenhouse, but no air
was blown over them. The drying results show that the combination of drying inside the
greenhouse with air flow over the biosolids particles produced the most evaporation within the two
hours of drying. These samples averaged 75% weight loss. Drying for the samples outside the
greenhouse achieved 60% weight loss, while samples inside the greenhouse reached an average of
58% weight loss in the two-hour test time. Table 4.5 shows results for a drying test conducted in
the greenhouse during the cooler winter month of December 2019. The results are based on the
temperatures and relative humidity shown in Table 4.6.
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Table 4.5 Greenhouse Drying Test Winter

The greenhouse was able to reach temperatures near 100 degrees Fahrenheit. The biosolids drying
achieved under these conditions is less than during the summer months. That is, for a two-hour
test, the average drying achieved was 32.2 % versus 64.4% in the summer. It is important to note,
however, that the samples tested during the winter months were not exposed to airflow from the
fan.
Table 4.6 Typical Greenhouse Conditions During Winter

4.4 LABORATORY FAN DRYING RESULTS
The results for the laboratory drying tests using the heater at UTEP are shown in Table 4.7.
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Table 4.7 Fan Drying Test High Temperature

The biosolids were cut into various dimensions and exposed to various temperature and air speeds.
When the temperature of the air flowing over the biosolids reached 206 degrees Fahrenheit, 60%
weight loss was achieved in two hours. Table 4.8 shows results for a drying test under similar
conditions, but the heat function was turned off. Air speed for this configuration was 162 feet per
minute. The temperature was only able to reach 74 degrees Fahrenheit, and the weight loss
achieved under these conditions was 34%. These results show that the temperature difference
between both tests had a big impact on the drying rate.
Table 4.8 Fan Drying Test Low Temperature
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A similar test conducted to evaluate the impact of temperature versus air speed is shown in Tables
4.9 and 4.10. These tests were set up the same way as before, but the difference is that the heat
function on the fan was turned on (Table 4.9) or off (Table 4.10).
Table 4.9 High Temperature on Smaller Particles

In Table 4.10, the heat function was turned off, but the air speed was increased from 78 feet per
minute to 115 feet per minute. The results show that particles had a higher drying rate when
exposed to higher temperature compared to being exposed to a higher air speed. Although the
higher temperature tests showed higher drying rates, both tests showed potential to be viable
options for full scale biosolids drying. The 182-degree Fahrenheit test achieved 74% weight loss
in two hours. The 115 feet per minute air speed test achieved 60% weight loss.
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Table 4.10 Low Temperature for Smaller Particles

The fan drying tests also confirmed the fact that the smaller the biosolids particles, the higher the
drying rate under the same conditions.
4.5 SHREDDER AND CONVEYOR BELT RESULTS
For the biosolids tests utilizing the shredders in combination with the conveyor belt, a
system of particle classification was developed. This system involved differentiating particles
distributions on the conveyor belt by depth. Biosolids were mostly distributed in depths ranging
from 1-3 inches and left to dry with fans blowing over the particles. Results for these tests varied,
and relationships between biosolids depth distributions, and wind speed are difficult to develop.
Based on these biosolids depth distributions, it can be concluded that at least 15% weight reduction
can be achieved within the first 30 minutes, and up to 33% in 90 minutes. Typical results of these
tests are shown in Table 4.11 below.
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Table 4.11 Depth Distribution Drying
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CHAPTER 5. COST ANALYSIS
5.1 COST ANALYSIS
EPW is currently spending $1.1 million per year for transporting belt filter pressed solids
from the RRBWWTP. This cost is based on the weight of biosolids being hauled off and is
increasing due to a change in their current contract. EPW would benefit from a system constructed
to reduce biosolids weight. From the previously discussed results, it is reasonable to expect at least
a 15% weight reduction by breaking up the biosolids and drying them on a conveyor belt. Based
on data from the last five years from the Bustamante plant, approximately 41,063 wet tons of
biosolids per year will be shredded and discharged onto a conveyor belt to dry. For this analysis,
it is assumed that the loading rate of biosolids on the conveyor belt is 1 pound of biosolids per
linear foot of 5-foot-wide conveyor belt. The weight of biosolids produced in 30 minutes is (41,063
wet tons/ year * 2000 lb/ton) / (365 days/year * 48 half-hour periods/day) = 4687 lb/0.5 hr.
Therefore, the length of belt required would be 4687/5= 937 ft. From Grainger.com, the price for
conveyor belts is $242/ft. The cost for the conveyor belt system would be approximately $242,000.
In addition to the conveyor belt cost, the system will also include two shredders. It will be assumed
that shredders can be purchased and modified to meet specific needs for approximately $10,000
per shredder. The total cost of the system would be $262,000, excluding the costs for construction.
If at least a 15% weight reduction would be achieved, the annual transportation cost would be
reduced by $165,000. Therefore, the installation of the conveyor belt system would pay for itself
in 1.58 years.
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CHAPTER 6. CONCLUSIONS
6.1 GENERAL CONCLUSIONS
From the various tests conducted in this investigation, it can be concluded that biosolids
drying in arid climates has great potential. Smaller particles have a significantly higher drying rate
than larger particles. This is true for all the various tests conducted in this study. From the outdoor
screening tests, the smallest particle size evaluated was 0.125 inches, and 90% drying was achieved
in two hours. The most effective half-hour outdoor screening tests occurred when particles were
created using the 0.25-inch sieve openings, with weight reduction from 28% up to 50%. The
smallest particles through the Gilson sieve shaker (i.e. 0.187 inches) reached 57.4% weight loss in
two hours and 90% weight loss in three hours. The biosolids particles created by the Gilson shaker
and the “fingers” above the conveyor belt showed different drying rates, depending on the
temperature and air speed the particles were exposed to inside the greenhouse. For summer months
combined with air flow from a fan, particles from the Gilson shaker and conveyor belt fingers
reached 75% weight loss. For the winter month of December 2019, the biosolids particles were
placed in the greenhouse without exposure to a fan, and the drying only achieved 32.2% weight
loss. The results from the fan test at UTEP’s lab compared the effect of temperature and air speed
on biosolids drying. These tests showed that the higher temperature will produce more drying than
higher air speed for biosolids particles of the same size.
Based on the various drying tests results, the most effective method for drying filter press
biosolids is to break the biosolids into small particles, place the particles on a conveyor belt inside
a greenhouse, have finger apparatus over the belt and have warm air blowing over the biosolids
particles. Depending on the design and length of the conveyor belt, different detention times and
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different amount of drying can be achieved. Test results shown in Table 4.4 indicate that biosolids
particle weight can be reduced by fifty percent or more in two hours. These results indicate that
the cost for transporting biosolids to a landfill can be cut in half in two hours of drying.
6.2 FUTURE WORK
The major issue experienced in this investigation was finding a method for producing small
biosolids particles without encountering biosolids build up on the screens. That is, stringy material
and hair found in the biosolids began accumulating on the screens, and eventually clogged the
screens to the point where the biosolids could not get through. This is an issue because it results in
the need for constant cleaning and maintenance. An optimal system would include a system with
a long run time with minimal cleaning requirements. A method that should be investigated is
developing a system that includes easily removable and cleanable screens. This would allow
operators to replace a clogged screen with a clean one, while the used screen gets cleaned.
It has been shown by various tests that biosolids drying can achieve 50 percent weight loss
in two hours, thereby reducing the cost of transporting biosolids to landfills by half. Further
investigation on finding a system with minimal cleaning and maintenance costs should be pursued,
since results from biosolids drying tests in this investigation have shown that it can produce major
savings for EPW.
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